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Prognostic Nomogram for Patients Undergoing Resection
for Adenocarcinoma of the Pancreas

Murray F. Brennan, MD,* Michael W. Kattan, PhD, 7} David Klimstra, MD,§ and
Kevin Conlon, MCh|

Background: Predictive nomograms are becoming increasingly
used to define and predict outcome. They can be developed at
presentation or following treatment and include variables not con-
ventionally used in standard staging systems.

Methods: We use a predictive nomogram based on prospectively
collected data from 555 pancreatic resections for adenocarcinoma at
a single institution. At last follow-up, 481 (87%) had died, defining
a mature and comprehensive database. We used a 1-, 2-, and 3-year
follow-up, as the number of patients alive beyond 3 years is
sufficiently limited to provide insufficient events.

Results: Based on a Cox model, we then developed a nomogram
that predicts the probability that a patient will survive pancreatic
cancer for 1, 2, and 3 years from the time of the initial resection,
assuming that there is not death from an alternate cause. Calibration
between observed and corrected is good, and variables not conven-
tionally associated with standard staging systems improved the
predictivity of the model.

Conclusions: This nomogram can serve as a basis for investigating
other potentially predictive variables that are proposed of prognostic
importance for patients undergoing resection for adenocarcinoma of
the pancreas.

(Ann Surg 2004;240: 293-298)

denocarcinoma of the pancreas remains a lethal disease.
The majority of the 25,000 new patients per year who
develop this disease in the United States will go on to die of
disease, most within 2 years. Currently, operation with resec-
tion is the only effective therapy that offers any prospect of
significant prolongation of survival. Multiple previous studies
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have demonstrated that clinicopathologic factors such as
tumor size, histologic differentiation, margin status, and
nodal involvement are statistically significant prognostic vari-
ables.' Nevertheless, the number of patients alive at 5 years
makes these prognostic variables only marginally influential.
Current staging systems rely on the T, N, and M stage. Given
the overall poor prognosis, the TNM system is variably
applied and relatively nondiscriminatory for the resected
patient.

Nomograms are progressively more accepted as models
in which known prognostic factors can be combined and used
for risk prediction.® These are statistically based tools that
provide overall probability of a specific outcome, ie, death of
disease, for an individual patient, but are not new.* In the
main, nomograms will include factors included in any clinical
staging system, but will add other factors known to have
impact on outcome. Developing a nomogram requires an
extensive database with long-term follow-up. As we have
such a database, the aim of this study was to define a
nomogram for resected adenocarcinoma of the pancreas.

MATERIALS AND METHODS

From a prospective database of patients resected with
pancreatic ductal adenocarcinoma in a single institution be-
tween October 1983 and April 2000, we collected clinico-
pathological and operative data on 555 resected patients. All
patients had pathology review to confirm pancreatic adeno-
carcinoma. Follow-up extended to March of 2002 with a
primary end-point disease-specific survival.

Procedure

The majority of patients had lesions confined to the
head of the pancreas and therefore underwent pancreati-
coduodenectomy. Laparoscopy was progressively part of our
operative procedure in the majority of these patients (Table
1). Anesthesia time was a median of 350 minutes with an
estimated blood loss of 1000 mL and median length of stay of
15 days (median 9 days for 2002). Perioperative mortality
was 3%.
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TABLE 1. Operative Details: Patients Undergoing Resection for Adenocarcinoma of the Pancreas at Memorial Sloan-Kettering
Cancer Center From October 1983 to April 2000
All Pancreaticoduodenectomy Distal Pancreatectomy Total Pancreatectomy

(n = 555) (n = 472) (n = 56) (n = 27)
Laparoscopy 272 246 (52%) 23 (41%) 3 (11%)
PV resection 80 64 (14%) 6 (11%) 10 (37%)
Splenectomy 55 2 (0.004%) 43 (77%) 10 (37%)
Anesthesia time (median) 350 mins 335 mins 233 mins 485 mins
Estimated blood/fluid loss (mL) 1000 1000 1000 2500
Length of hospital stay, days (median) 15 14 11 32
30-day perioperative mortality 2.8% 2.8% 1.8% 3.7%

PV, portal vein.

Statistical Analysis

Estimates of disease-specific death were calculated
with the cumulative incidence method. Multivariable analysis
was conducted with Cox proportional hazards regression. The
proportional hazards assumption was verified by tests of
correlations with time and examination of residual plots. To
permit nonlinear relationships, continuous variables were
modeled with restricted cubic splines.” All decisions with
respect to the grouping of the categorical variables were made
prior to modeling, as making these decisions afterward can
have deleterious effects on the predictive ability of the mod-
el.’ This Cox model was the basis for a nomogram, and our
modeling and validation procedure is similar to that used
previously.®

Some patients had missing values [differentiation (N =
26), posterior margin (N = 20), T stage (N = 27), and max
path axis (N = 1)]. Rather than omit the patients, missing
values were imputed (ie, predicted) with regression models’
containing all of the predictor variables. Imputing a missing
value is generally preferred to deleting a patient’s entire
medical record so that the maximum information is used and
the bias that may result from a deleted case can be avoided.’

Nomogram validation contained 2 components. First,
the nomogram was subjected to bootstrapping, with 200
resamples, as a means of calculating a relatively unbiased
measure of its ability to discriminate among patients, as
quantified by the concordance index.’ The interpretation of
the concordance index is similar to that of the area under the
receiver operating characteristic curve.® The concordance
index is the probability that, given 2 randomly drawn pa-
tients, the patient who dies first had a lower probability of
survival. Note that this calculation assumes that the patient
with the shorter follow-up fails. If both patients fail at the
same time, or the surviving patient has shorter follow-up, the
probability does not apply to that pair of patients. The second
validation component was to compare predicted probability
of survival versus actual survival (ie, nomogram calibration)
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on the entire sample, again using 200 bootstrap resamples to
reduce overfit bias, which would overstate the accuracy of the
nomogram. All analyses were performed using S-Plus (Ver-
sion 2000 Professional, Redmond, WA) with the Design’ and
Hmisc’ libraries.

RESULTS

The descriptive statistics for the patients with pancre-
atic cancer are listed in Table 2. Their disease-specific death,
with number of patients at risk over time, is illustrated in
Figure 1. At last follow-up, 481 patients had died, and the
median follow-up for the living patients was 47 months
(range 6—184 months). On the basis of the maturity of the
data (ie, number of patients at risk), we felt we would be able
to reliably predict disease-specific survival to 3 years with
reasonably narrow confidence intervals. It seemed that this
was the most distant time point with many patients at risk
(n = 105). A Cox regression model was fit, without violation
of the proportional hazards assumption (P = 0.13). The
results of the Cox model are in Table 3.

A nomogram based on the Cox model is in Figure 2.
The nomogram predicts the probability that the patient will
survive pancreatic cancer for 1, 2, and 3 years from initial
surgery, assuming he or she does not die of another cause
first. The bootstrap-corrected concordance index is 0.64. A
calibration curve appears in Figure 3. The predicted proba-
bilities of the nomogram are closely aligned with the actual
survival estimates.

For example, a poorly differentiated >4 cm lesion in
the pancreatic head with negative surgical margins, but 10
positive lymph nodes, would garner 225 points or a less than
10% 36-month disease-specific survival probability.

Similarly, a well-differentiated 1 cm lesion in the pan-
creatic head with negative margins and nodes would have a
50% 3-year disease-specific survival probability.
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TABLE 2. Descriptive Statistics for Pancreatic Cohort Q@A a2 s s s &2 w1 15 1w 5
Patient Characteristic No. B
T Stage a1 e
Tl 20 3.6
T2 64 11.5
T3 445 80.2 © |
T4 9 e £ °
NA 17 3.1 §
Gender g
Female 277 49.9 S
Male 278 50.1 i
Portal vein resected {
Yes 80 14.4 o i
No 475 85.6 S
Splenectomy ;
Yes 55 9.9 b
No 500 90.1 ol 7
Head vs. other 1 T T T T LE— T T | I—
Head 496 89.4 0 12 24 36 48 60 72 84 96 108
Other 59 10.6
Months from S
Differentiation onins from Surgery
Well 75 13.5 FIGURE 1. Disease-specific (dotted line) and other cause (solid
Moderately 298 53.7 line) probability of death. Figures at top indicate number of
Poor 156 28.1 patients at risk.
NA 26 4.7
Margin of resection
Negative 440 79.3
Positive 115 20.7 . . DISCUSSION . .
Posterior margin The patient with a resected pancreatic adenocarcinoma
Negative 460 82.9 has a very high probability of ultimately dying of his or her
Positive 75 13.5  disease. An important issue rather than median survival is the
NA 20 3.6 possibility that the patient will or will not survive a defined
Back pain . . . .
Ves 76 137 period of time. We have used in this nomogram the proba-
No 479 86.3 bility of surviving to 3 years as an alternate to the median
Weight loss
Yes 298 53.7
No 257 46.3 . -
Age at operation (yrs) TABLE 3. Results From the Cox Multivariable Analysis
Minimum 33.9 .
1st quartile 580 Variable P Value
Nedian 003 Maximum path axis 0.001
can . ..
3rd quartile 728 No. of positive nodes 0.001
Maximum 89.2 Splenectomy (yes or no) 0.001
No. of positive nodes Differentiation 0.002
Minimum 0.0 Poor vs. moderate 0.001
11\? él,uamle (1)'8 Well vs. moderate 0.160
ectan ' Head vs. other 0.006
Mean 2.1 ; . . .
3rd quartile 3.0 Posterior margin (positive or negative) 0.049
Maximum 39.0 T stage 0.066
No. of negative nodes Back pain (yes or no) 0.129
Mlnlmurp 0.0 Portal vein resected (yes or no) 0.275
st quartile 9.0 Gend 0.600
Median 15.0 ender _ N _ :
Mean 16.9 Margin of resection (positive or negative) 0.660
3rd quartile 22.0 Weight loss (yes or no) 0.664
Maximum 83.0 Age at surgery (yrs) 0.695
NA, not available. No. of negative nodes 0.713
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ease-specific survival probabilities.

survival time commonly stated of approximately 16 to 18
months, >0

Current staging systems use T, N, and M (American
Joint Committee on Cancer [AJCC] Cancer Staging Manual,
6th edition, 2002) but poorly discriminate (Table 4). We
conducted an additional analysis to determine whether the
nomogram represents improvement over the staging system.
For this analysis, we omitted each patient and refit the Cox
model on the remaining patients, and then predicted the
probability of survival for this omitted patient (ie, jackknife
nomogram predictions). The nomogram predictions discrim-
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FIGURE 3. Calibration of the nomogram. Bootstrapping was
used to correct for optimistic bias. X-axis is nomogram-pre-
dicted probability of survival. Y-axis is observed disease-specific
survival.
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d
0.2 0.01

inated better than did the AJCC stage (0.64 versus 0.56, P <
0.001). In this regard, our nomogram represents an improve-
ment over counseling on the basis of the AJCC staging
system by offering a more discriminating prediction method.
Figure 4 illustrates the heterogeneity within the staging sys-
tem predictions. For each stage is a histogram of the nomo-
gram-predicted probabilities. Note the heterogeneity of the
stage II and III patients’ nomogram predictions. Clearly,
patients with stage II and III have far more variable survival
(by AJCC, 6th edition) than expected based on stage alone.

Most of resected patients are 11B, dependent only on the
diligence with which lymph nodes are looked for, eg, in a

TABLE 4. Current Staging Systems Utilize T, N, and M
(AJCC Cancer Staging Manual, 6th Edition, 2002)

Stage IA—T1 NO M0
Stage IB—T2 NO MO
Stage IIA—T3 NO MO
Stage IIB—T1-3 N1 MO
Stage 1II—T4 N-any MO
Stage IV—T-any N-any M1
Previous staging systems (AJCC Cancer Staging Manual, 4th
edition, 1992)
stage [—T1 NO MO
stage 1I—T2-3 NO MO
stage [1I—T1-3 N1 MO
stage I[V—T4 N-any M0
T-any N-any MO

AJCC, American Joint Committee on Cancer.
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FIGURE 4. Comparisons of nomogram predictions with those of AJCC stage groupings. Note the heterogeneity of predicted
probabilities of survival within each AJCC stage, especially in stages Il and IIl.

span of 5 years from 1996 to 2001, of 321 resected patients,
209 (65%) had positive nodes.

Some items in the nomogram are not intuitively obvi-
ous, nor are they continuous variants, eg, a resected tail lesion
is better than a resected head lesion. We expect that this is due
to the observation that although overall survival of all body-
tail lesions is worse than head lesions, resectability is also
lower, such that when resection is possible, a more favorable
cohort has been selected.

Similarly, T stage does not appear to be logically
ordered. There are ready explanations for this; T stage is
inaccurately recorded, as definitive size measurements are
difficult and the distinction between T3 and T4 is now (AJCC
Cancer Staging Manual, 6th edition) one of resectability
rather than size or invasion per se, whereas T3 was previously
a comment on extrapancreatic extension (AJCC Cancer Stag-
ing Manual, 4th edition, 1992) and T4 was not included.
Furthermore, T stage was not statistically significant in the
Cox model. Note that statistically insignificant predictors
were not omitted from the Cox regression model or resulting
nomogram, because doing so actually tends to harm predic-
tive accuracy.’

© 2004 Lippincott Williams & Wilkins

Similarly, maximum path axis (“size”) does not have a
monotonic effect due to similar criteria, ie, path size recorded
predominately as >2 or >4 rather than actual measurements.
There may well be a biologic reason why very large tumors
do better. We have shown that a number of our 10-year
survivors do have large tumors. Presumably, if one gets to a
large tumor without metastasis, then the outcome is more
favorable.

This postresection nomogram takes into account a
greater number of factors than the diagnosis alone of adeno-
carcinoma of the pancreas by adding in known statistically
predictive variables, which of themselves have only limited
impact at the 4- or 5-year period. This allows a much more
realistic appreciation to an individual patient in determining if
that patient will be alive at a defined period of time.

There are limitations to any analysis of this type. There
can never be enough predictive variables included in such a
nomogram to give absolute predictions. Known variables
may not be included because of the lack of numbers or
observations, or there may be markers as yet unidentified that
predict outcome. Nevertheless, such nomograms would allow
a test model for the development of new molecular markers,
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which can be controlled with such a model to see if they
improve prediction. We have overcome the problem of most
nomograms, ie, the lack of long-term follow-up, by using a
large single institution-based database where the majority of
patients have been followed until death. A further problem of
any such predictive system in this disease is the inability to
identify microscopic metastatic disease, which is the usual
mode of demise. For the individual patient, the nomogram
predicts the likelihood that a population of similar patients
will survive a defined period of time but certainly not the
certitude that this will occur. Nevertheless, we believe that
nomograms provide a more accurate prediction of what the
patient might expect, as it takes into account factors not
included in a simple median survival analysis (see Table 4).
It would be important that such nomograms be validated in
other data sets and can form the basis for added evaluation.
Nomograms are progressively being used in prostate,
and soft tissue sarcoma.”*'> Nomograms are readily adapted
to simple software and can be carried on hand held organizers
such as a Palm Pilot. We plan to make this tool freely
available with our others at http://www.nomograms.org.
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